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Description 

This invention pertains to antimicrobial thermoplastic hydrogels having various forms and shapes, such as parti- 
cles, fibers, and film, depending upon the desired utility. These antimicrobial hydrogete are water-swollen and water- 

5 insoluble, and have an essentially non-leachable antimicrobial compound selected from quaternary ammonium salts, 
protonated tertiary ammonium salts of Formula II herein, and chlorhexidine ionically bonded to a thermoplastic and are 
particularly useful in destroying micro-organisms. Cationtc antimicrobial compounds such as quaternary ammonium 
salts are particularly effective. The antimicrobial hydrogets are stable to a variety of fluid media. 

Antimicrobials can be either bacteriostatic or bactericidal and sometimes both. Historically, quaternary ammonium 

w compounds have shown utility as antimicrobials. Some quaternary ammonium compounds are included as additives in 
various commercial formulations, e.g., cetyl pyridinium chloride is used as an additive in CEPACOL® mouthwash by 
Lakeside Pharmaceuticals. Other commerciaJ antimicrobial compounds are effective as additives for aqueous systems 
for disinfecting articles. One such antimicrobial useful in this manner is didecyl dimethyl ammonium chloride, trade- 
marked BARDAC®2250 and made by Lonza, Inc. Even though these antimicrobials have proven effective, their utility 

is is concentration dependant and, therefore, is diminished by dilution. 

In the article by Ackart et al. entitled "Antimicrobial Polymers". J. Biomed. Mater. Res.. Vol. 9. pages 55-68 (1 975), 
antimicrobial ionomers prepared from ethyteno/acrylic acid interpolymers and alkylbenzyklimetriylamrnonium cations, 
particularly 8-hydroxyquinolinium, are disclosed. According to Ackart et al., "these ionomers would not be expected to 
provide significant protection to the U6er from pathogenic bacteria on the surface of an article fabricated from the iono- 

20 mers" and hence would be classified as bacteriostatic. The mechanism of operation of the antimicrobials of Ackart et 
al. is stated to be such that a liquid transfer medium is needed in order for the ionomers to be effective in environments 
in which no direct liquid-liquid or solid-liquid interphase transfer occurs. 

US-A-3,872, 1 78 discloses antimicrobial ammonium salts of carbaxyl-containing a-olefln polymers. The ammonium 
cations of said salts are derived from certain N-unsubsthuted pyridine or quinoline derivatives. A preferred ammonium 

25 cation is 8-hydroxyquinolinium. 

US-A-2,951 ,766 (White) dtsdoses antiseptic plastics which, upon contact with moisture or water, release the anti- 
septic from the material. The antiseptic is said to be dissolved or dispersed in a hydrophiic plastic material, but not 
chemically reacted with the plastic material. The plastic materials useful for this invention are water or alcohol-water sol- 
uble materials unless cross-finking agents are added. The antiseptic plastics disclosed in White are bactericidal, but the 

30 antiseptic or antimicrobial chosen is released from the plastic upon contact with water or moisture. Release of antiseptic 
may not be environmentally proper, deperxfing upon the application, and therefore continues to be a commerciaJ need. 

Hydrogels have been known to be useful for entrapping or immobilizing biologically active molecules such as anti- 
biotics and anti-bacteria agents. Hvdrogete for Medical and Related Applications. (ACS Symposium Series 31 (1976)), 
by Joseph D. Andrade, defines hydrogete as "three dimensional networta of hydrophiiiic polymers, generally coval entry 

35 or ionically crosslinked, which interact with aqueous solutions by swelling to some equilibrium vaiua" A hydrogel is fur- 
ther defined as exhibiting "the ability to swell in water and retain a significant fraction (e.g., >20 percent) of water within 
its structure, but which will not dissolve in water." The hydrogels are stated to be prepared by solution polymerization of 
a monomer in the presence of a cross-linking agent and then entrapping the active biomoJecuJe within the network 
structure which forms or by covalentfy immobiizing active molecules to hydrogels surfaces, such as coupling btomoJe- 

40 cules to gels containing carboxyl groups. 

Water-swollen, but water-insoluble hydrogels characterized as having pendant alkali metal carboxytate groups or 
ammonium carboxytate groups reacted with at least one antimicrobial compound selected from quaternary ammonium 
salts, protonated tertiary amrnonium salts of Formula II herein, and chlorhexidine thereby ionically bonding the antimi- 
crobial compound to the interporymer have now been discovered to form antimicrobial hydrogete. The antimicrobial 

45 hydrogels are surprisingly useful in many forms, e.g., dispersions, fibers, films and particles. The antimicrobial hydro- 
gels of the present invention have an essentially non-leachable antimicrobial ionically bonded to a thermoplastic inter- 
polymer. The antimicrobial hydrogels of the present invention are effective antimicrobials, Killing many micro-organisms 
on contact. The antimicrobial hydrogels of the present invention are surprisingly stable and also regenerate. The anti- 
microbial hydrogels of the present invention are useful in many areas, including stabilizing wood pulp and wood chips 

so against souring, destroying microorganisms in fluids such as milk, juice and water, preventing cosmetic products from 
becoming contaminated by microbes, as additives in foams, and in forming antimicrobial paper. 

One aspect of the invention is a method of producing a water-swollen, but water-insoluble antimicrobial hydrogel 
comprising at least one vinyl addition thermoplastic interporymer having pendant alkali metal carboxylate groups or 
other salts thereof in various forms, such as fiber, film or particles, and at least one essentially non-leachable antimicro- 

55 bial comftound selected from quaternary ammonium salts, protonated tertiary amrnonium satis of Formula II herein, 
and chlorhexidine ionically bonded to substantially all of the pendant carboxytate groups. The thermoplastic interpoly- 
mer can be either linear or branched, or a mixture of these. 

The thermoplastic interpoiymer can be a reacted or grafted mixture of ethylene-alpha olefins and carboxylic acids 
or anhydrides (e.g., ethyl ene-methacryUc add interporymer) but is preferably an emylene-acrylic acid interporymer (e.g. , 
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the homogeneous, random interpolymers of ethylene with atpha-olefinicaJty unsaturated carboxytic acids or esters 
made in accordance with US-A-4,599,392, a the homogeneous, random interpolymers of ethylene with alpha-olefini- 
cally unsaturated carboxyiic acids or esters made with telogenic modifiers in accordance with US-A-4,988,781). The 
thermoplastic interpolymer can be in any shape, but is preferably formed into a shape dependant primarily upon the 

c final titilitv such as fiber or film Tha thormmbastic intArnnlvmar ran alcr% ka 
pension. 

The antimicrobial compounds useful in the present invention are effective antimicrobials which must be essentially 
norHeachable when reacted with the vinyl addition thermoplastic interpolymer and si&sequently contacted with deion- 
ized water. Chlorhexidine is a particularly effective antimicrobial for use in the invention. Quaternary ammonium antimi- 
10 crobial salts are also particularly useful in forming the antimicrobial hydrogels of the present invention and can be any 
member of a known class of quaternary ammonium antimicrobial compounds. Preferably the antimicrobial is one which 
has a molecular structure corresponding to one of the following formulae: 

I. 

75 



20 




wherein 

each R* independently is -CH 3 or -C2H5 and each R independently is C 2 H 5 -C2 0 H4 1 
25 A e » compatible neutralizing inert anion, 

II. 

30 R — N A e 

1 N. 
H R' 

wherein 

36 each R f is independently -CH3 or -C2H5 and R - C2H 5 -C2 0 H 41 

A e » compatible neutralizing inert anion, 

or 

III. 



40 




wherein 

each R m C2H5-C2oH 41 
so R" » inert sifcstituerrt or -H 

A e - compatible neutralizing inert anion. 
In each structure, the "R" group can also be a ring structure, such as a phenyl group. Didecyl dimethyl ammonium 
chloride and ddecyl dimethyl ammonium bromide (genericalty described by Formula 0. dimethyl benzyl ammonium 
chloride and dimethyl benzyl arrwronium bromide (genetically descrfoed by Formula II). and cetyl pyridinium chloride 
55 and cetyl pyridinium bromide (genehcally described by Formula III), or mixtures thereof are most preferred as the anti- 
microbials for practising the present invention. 

The antimicrobial hydrogel can be formed from the thermoplastic interpolymer by a two step method or, preferably 
a-one step method. Th two step method comprises reacting at least one interpolymer having pendant carboxylate 
groups, preferably at least one ethyl ene-acrylic acid (EAA) interpolymer. in the appropriate shape with an aqueous pH 
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basic solution (e.g.. sodium hydroxide, potassiun hydroxide, ammonium hydroxide) for a time and at a terrperature suf- 
ficient to enable reaction between the base and the acrylic acid functionality to form a cation acrylate, (e.g., sodium acr- 
ylate, potassium acrylate, or ammonium acrylate). The extent of the reaction is dependant upon many factors, such as 
the alkaline concentration of the pH basic solution, the temperature of the solution, the time of contact between the 

5 interpolymer and th solution, the percent acid functionality present in the EAA interpolymer and the form or size of the 
EAA interpolymer. The second step in the two step method comprises contacting the cation acrylate with an aqueous 
antimicrobial solution comprising at least one quaternary ammonium salt having antimicrobial properties tor a time suf- 
ficient to enable the antimicrobial salt to ionically bond to the cation acrylate site, thereby discharging the cation and 
forming the antimicrobial hydrogel. 

10 Alternately, a one step process can be used to form the antimicrobial hydrogel. The one step process comprises 
simultaneously contacting the shaped thermoplastic interpolymer with the quaternary ammonium antimicrobial salt in 
an aqueous pH basic solution. The pH basic solution can have a pH of at least pH 7.1. Preferably the thermoplastic 
interpolymer comprises at least one EAA interpolymer. The extent of the conversion from the acid form of the EAA inter- 
polymer to the antimicrobial hydrogel form is most preferably essentially corrplete. That is, substantially all (i.e., at least 

is 75-80 percent) of the pendant acrylic acid groups are ionically bonded with the antimicrobiaHy active salt. The antirri- 
crobial hydrogel produced by either the two step method or the one step method in the form of a particle can be useful 
as a dispersion or as an additive in, for example, toothpaste, in hand cream, and mouthwash. The antimicrobial hydro- 
gel produced by either the two step method or the one step method in the form of a f ber can be useful in controlling 
micro-organisms in various fluids, including water (e.g. , commode water), high purity chemicals, and air or it can be use- 

20 ful in the form of bonded ftoers in a nonwoven material. The hydrogels can also reduce micro-organism levels in recir- 
culating white water used in processing wood pulp into paper. 

The antimicrobial hydrogels of the present invention are fully hydratabie, i.e., the hydrogels can be either substan- 
tially dehydrated (e.g., to a moisture content as low as 10-14 percent), partially hycfrated or fully hydrated. 

In another aspect the hydrogels of the present invention are useful as a means of absorbing aqueous fluids. The 

6 hydrogels are capable of absorbing up to 50 percent of their weight in water. The amount of water absorbed in the 
hydrogels is dependant upon many variables, including the amount of reactive pendant alkaB metal or ammonium car- 
baxylate groups present in the base polymer, the degree of orientation of the base polymer and the antimicrobial cho- 
sen for forming the hydrogel. 

In still another aspect the invention is a stable antimicrobial hydrogel capable of withstanding exposure to oils, fats 
30 and solvents. The hydrogels are stable to oxidative effects and chemical contact Generally, the antimicrobial is retained 
within the hydrogel after 7 days of continuous defonized water washings in amounts of at least 90 weight percent, pref- 
erably at least 94 weight percent 

Another aspect of the invention is that the antimicrobial hydrogel can be optionally cross&nked to form a hydrogel 
having a higher melting point A higher melting point antimicrobial hydrogel has use, for example, in high tenperature 
35 fluid treatment 

The melting point of the hydrogel of the present invention can optionally be elevated by ion exchanging at (east one 
mono-, di-, and/or tri-valent metal cation with the pendant alkafi metal carboxylate groups. The Rsher-Johns melting 
point of the hydrogel of the present invention can be elevated from 66°C to as high as 141°C. For example, a hydrogel 
made in accordance with the present invention having a melting point of 66°C, has a melting point of 141°C when 
40 reacted with ferric sulfate such that the metal reacted hydrogel has 1900 ppm ferric ion (Fe+++). 

Hvdrooel Preparation 

Preparation of the antimicrobial hydrogel of the present invention can be accomplished by various techniques, 
45 three of which are described below. 

Starting material 

The base polymer is a vinyl addition interpolymer, preferably shaped in a form suitable for a specific end use appli- 
so cation. For example, the base polymer can be an ethytene-methacryfic acid interpolymer (EMAA) or an ethylene-acrylic 
acid interpolymer (EAA) or the base polymer can be a blend of EAA interpolymers, or blends of EAA interpoiymsrs with 
other thermoplastic polymers, (e.g., polypropylene, linear low density polyethylene, low density polyethylene, high den- 
sity polyethylene or a similar polyolefin). The base polymer preferably has at least one EAA interpolymer as one com- 
ponent The base polymer or polymer blend is then formed into a particular shape, dependant upon the final hydrogel 
55 appiicaftxtfrea. For example, if the hydrogel were to be used in contact with a fluid, such as water, milk, assorted juices 
or air, to kill or control micro-organisms contained therein, then the hydrogel is advantageously in the form of a fiber. 
The f ber can then be wound or configured into a cartridge for the actual contacting step, in this particular instance, the 
base polymer is preferably first melt spun into a fiber. The ffeer can be of any appropriate diameter, such as strands, 
monofilaments, or fine denier, useful, for example, in dental floss, and may be a variety of shapes, merely adjusted by 
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utilizing a die having the orifice shaped differently, such as circular shape, a star shape or triloba! shape. The fiber can 
also be in the form of a bicomponent f ber, e.g. a sheath/core configuration or a side-by-side configuration, tn the case 
of a sheath/core configuration, the base polymer to be converted into a hydrogel can be either the sheath resin or the 
core resin or two different base resins can be utilized with one being the sheath and one being th core. Preferably, the 

5 sheath resin is the base resrt. Thccc sailed in ths art of ffcsr forrnation Uoru ihwmopiasiic materials know the various 
types of spinning which render the chosen polymer into a fiber form, such as continuous filament spinning, staple fiber 
formation, hollow ffoer manufacture, spunbonded fabric manufacture including multilayer or entangled structures (i.e.. 
one layer may be EAA interpolymer and another layer may be a lower melting f ber forming material, such that the lower 
melting material forms bonding sites when the entire structure is passed through thermal calenders) and melt blown 

jo fiber or fabric manufacture including combinations of spunbond/melt Uown/spunbond structures with the present inven- 
tion residing in any or all of the sections, and any of the other known fiber forming methods from thermoplastic interpol- 
ymers are suitable for the practice of this invention. Additionally, the fiber forming step can impart a secondary or tertiary 
orientation to the f ber, surprisingly enhancing some of the properties of the hydrogel formed from that fiber, such as the 
ability of the hydrogel to increase the capacity for holding water. Such secondary orientations are commonly employed 

T5 in the formation of staple fiber wherein godets are operated at different speeds such that the fiber is stretched or drawn 
between the godets and the f ber diameter is consequently reduced and the resultant f ber is more highly oriented and 
stronger. Use of higher orientation in the f ber forming step in the present invention affects the hydrogel by not only 
increasing the strength of the starting Interpol ymer in fiber form, but also increasing the amount of water which the 
hydrogel may contain. Trie fibers or flaments formed from the base polymer can then be placed in the form of a car- 

20 tridge for ultimate use in a filter system, such as that used for filtering water or alternately can be converted directly into 
the hydrogel form by one of the two methods described in detail further in this disclosure. 

The base polymer can alternately be formed into fine diameter particles. These particles can be formed, tor exam- 
ple, by grinding the polymer and then sieving to narrow the particle size distribution. The particle size can be a range of 
sizes, or it can be a specific size distribution, depending upon the desired utility. The particle size can be colloidal (e.g., 

25 useful in forming dispersions) or it can be as large as pellets. By varying the size of the particles of the base polymer, 
the hydrogel particles formed from them can be useful in various products, such as toothpaste, mouth wash, soap, 
shampoo, ointment and hand cream. Fine diameter hydrogel particles can be added to wood pulp slurries either as sol- 
ids, or formed in-situ as particles in the pulp, to stabilize against souring (i.e. micro-organism infestations). The particle 
size of the base polymer and ultimately the hydrogel will influence the ability of the hydrogel to remain in suspension in 

30 the fluid in which it is contained and thus is chosen accordingly. Conversely, the hydrogel can be made using the proc- 
ess disclosed herein, and then ground to the desired particle 6ize for use in a dispersion. Hydrogel particles can also 
be added to a foam or a foam structure to impart biocidal or antimicrobial characteristics. The foam, for example, can 
comprise a polyotefin, polystyrene, latex, urea, isocyanurate, polyurethane or a celMosic polymer. 

The base polymer can also be in the form of a f 9m or a Mm laminate or a coating. Film can be formed by any of the 

35 techniques known to those stalled In the art of f Bm formation, but these are commonly known as cast film, blown film 
and extrusion coating operations. In the case of an extrusion coating operation, the base polymer is extrusion coated 
onto another substrate, e.g, a nyton film Ethylene-acryiic acid irterpolymers are particularly well known for their ability 
to adhere to polar substrates and consequently, if ethylene-acryiic acid interpolymer were used as the extrusion coating 
resin onto a nylon substrate, then a strongly adhered laminate would be formed. Alternately, the base polymer can be 

ao in the form of a coating on a substrate, such as that obtained by coating the base polymer onto bristles. e.g., common 
nylon toothbrush bristles. The resultant conversion of this fSm form or coating of the base polymer (ethylene-acryiic acid 
interpolymer in this particular example) into the hydrogel form would then be accomplished by one of the techniques 
described further in this disclosure. 

Alternately, the antimicrobial hydrogel can be formed and subsequently thermally extruded into a desired shape. 

45 The formed hydrogete can also be blended with other thermoplastics and melt processed into another desired shape, 
such as f ber, film, particles or pellets. Thermoplastics suitable for blending with the hydrogels of the present invention 
include, but are not limited to poiyoieflns such as polypropylene, low density polyethylene or LOPE, linear low density 
polyethylene or LLDPE, other base polymers such as ethylene-acryiic acid irrterpdymers. and other vinyl addition inter- 
polymers having pendant alkali metal or ammonium carbcxylate groups. The arrtimicrobial hydrogels of the present 

so invention are thus thermally stable and can be reprocessed into a variety of shapes, including fiber, film and other 
molded articles, either by themselves or in blends with other thermoplastics. 

Method One (Th e One Step Process): 

55 The first method of preparing the hydrogel utilizes a one step method. For the examples contained and described 
in this disclosure unless stated otherwise, the base polymer is ethylene-acryfic acid (EAA) interpolymer having a melt 
index (which is inversely proportional to molecular weight) of 300 grams/10 minutes measured according to ASTM D- 
1 238 (E) (1 90°C/2. 1 6 kg), an acrylic acid content of 20 percent by weight of the interpolymer and a Fisher-Johns melt- 
ing point of 96°C. Other base polymers can be employed which are also EAA. and these can have different percents 
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acrylic acid and/or different molecular weights. The base polymer molecular weight will be dictated by the end use and 
form in which the hydroget is desired. For example, in the case of film manufacture, the base polymer can have a melt 
index of between 0.1 and 30 grams/10 minutes. If the base polymer were to be made into particles, the meft index can 
vary from 0.1 to more than 3000 grams/10 minutes. If the base polymer were to be made into fiber, then the melt index 
5 is desirably between 20 and 2600 grams/10 minutes. 

The first method of forming the hydrogel from the base interpoiymer is by treating the EAA interpdymer in one step 
using a pH basic aqueous antimicrobial solution. By adjusting and maintaining the pH of the aqueous antimicrobial solu- 
tion to a basic pH of at least pH 7.1 using sodium hydroxide, the reaction between the sodium ions forming the sodium 
acrylate ionomer and the antimicrobial quaternary ammonium salt ion most preferably proceeds essentially to comple- 
te tion if desired. That is, essentially ail (i.e., at least 80 percent) of the acrylic acid moieties are reacted with the sodium 
hydroxide to form pendant alkali metal carbaxylate groups and subsequently also reacted with the quaternary ammo- 
nium compound in situ. The time needed for this reaction in a basic medium is minimized by continually supplying 
sodium ions to the acrylic acid sites while simultaneously exchanging the quaternary ammonium salt with the sodium 
ions previously attached to the acrylic acid sites thereby driving the equilibrium towards the hydrogel formation and the 
is reaction essentially to completion. In this manner, the quaternary ammonium sah is ionically bonded to the pendant 
alkali metal carboxylate groups. The one step process will not proceed to the same extent when using an acid medium 
and is therefore not as desirable for use in the present invention. 

The conversion yield of sodium acrylate ionomer to quaternary ammonium ion when using the one step process 
described in a basic medium is desirably at least 30 percent, preferably at least 60 percent, and most preferably at least 
20 80 percent. 

Method Two (The Two Step Process): 

Step 1: The base polymer configured into the desired shape is treated by swelling in a pH basic solution (e.g., 

26 sodium hydroxide). The temperature of the caustic solution may be in a broad range, but it is preferably above room 
temperature, i.e., greater than 25*C, and below the matting point of the EAA. The caustic solution, e.g., sodium hydrox- 
ide (NaOH) or potassium hydroxide (KOH), can be at different strengths or concentrations. Generally the higher the 
concentration, the faster the reaction of the caustic with the acrylic acid groups of the EAA. The pH of the NaOH solution 
is preferably at least pH 7.1. SweBingtheEAAirrterpolymerincaustte 

30 ing upon the shape of the EAA and the degree of reaction desired with the acid groups of the EAA. GeneraBy, at least 
30 percent by weight of the acrylic acid groups in the EAA are reacted with the NaOH, forming an ionomer having 3.5 
percent by weight sodium ionically bonded to the EAA to form an ethyfene-sodium acrylate ionomer having a mert index 
of 0.1 grams/10 minutes and a melting point of 250-252°C, as determined by a Fisher-Johns matting point apparatus. 
Most preferably, when the reactions are complete, at least 80 percent by weight of the acrylic acid groups in the EAA 

3$ are reacted with NaOH. Excess caustic solution is washed off the ionomer with deionized water. 

Step 2; The ethylene-socfium acrylate ionomer is then contacted and reacted with an antimicrobial in a dilute aque- 
ous solution having a pH of 6-7 at a concentration at least one mole of quaternary ammonium compound to one mole 
of acrylic acid, with the antimicrobial preferably being a quaternary ammonium salt compound. Preferably, at least one 
antimicrobial is chosen having a chemical formula from the group described earlier in this disclosure. 

40 The aqueous antimicrobial solution is usually pumped around and through the ionomer to ensure good contact for 
a time sufficient to exchange the sodium groups of the ethylene-sodium acrylate ionomer with the quaternary antimi- 
crobial compound to form an ant imicr obial hydrogel having a melt index of 100 grams/10 minutes and a Fisher-Johns 
melting point ranging from 48°C to 88°C. Generally, the greater the extent of the reaction, the higher the percent nitro- 
gen in the hydrogel and the lower the melting point The contact time for the aqueous antimicrobial solution is depend- 

45 ant upon the extent of reaction desired, but it is preferably at least 1 hour and as long as 24 hours. For the examples 
disclosed herein, the antimicrobial compound used is didecyl d methyl ammonium chloride unless stated otherwise. 
Preferably at least 80 percent of the sodium ions are exchanged with the quaternary compound and most preferably at 
least 99 percent of the sodium ions are reacted. An ethylene-sodium acrylate ionomer having 4.2 percent by weight 
sodium content will have 20 parts per million (ppm) sodium content after reaction with cfimethyldidecyl ammonium chlo- 

50 ride. The nitrogen content on the dry or dessicated hydrogel sample is 1 percent by weight, which is equivalent to 23 
percent by weight of the quaternary ammonium salt 

Method Three 

ss A thlfctmethod of making the antimicrobial hydrogel from ethylene-acryfic acid interpolymers uses mett mixing of 
the components. The hydrogel is prepared by reacting molten ethytene-aoryfic acid interpolymers with the antimicrobial, 
e.g., didecyl dimethyl ammonium chloride, whfle either simultaneously adding a caustic solution, or by incrementally 
adding caustic solution. This process advantageously increases the molecular weight of the antimicrobial hydrogel 
formed while also enabling the reaction to the antimicrobial hydrogel stage to be performed using one step. The reac- 
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tion is carried out in any melting pot preferably an extruder or a Brabender mixer. 
EXAMPLE 1 



s An sthyiene-acrylic acid irrisrpciymer having & rnstt index of 30C granWI 0 minuies and 20 percent acrylic acid was 
converted into the appropriate form by melt extruding into strands and converting into antimicrobiai hydrogeis. Using 
the two step method described in Method Two above. 100 grams of the strand was placed into a continuously stirred 
beaker containing an excess of 0.5 Normal NaOH (or 2 weight percent) solution held at 55°C. The mixture was digested 
for 5 hours to convert the strands into an ethylene-sodium acrytate ionomer. The ethylene-sodium acryiate ionomer was 
io then washed repeatedly with deionized water to remove excess caustic. The form of the strands was in a swollen state 
such that the diameter was greater than it was at the start of the experiment. The swollen strands were then hammer- 
milled into fine diameter short f forils and screened into 20-40 mesh (850-400 jim) size fibrils. The f toils had a sodium 
content of 3.5-4.5 percent by weight at this stage of the treatment 

After the excess caustic was washed from the swollen sodium acryiate ionomer fibrils, the sample of f torils was con- 
is tacted with 500 milliliters (mis) of a 5 percent by weight aqueous solution of didecyl dimethyl ammonium chloride by 
placing the f forils in a 5 cm (2 inch) diameter by 50 cm (20 inch) glass column which was fitted with spun glass fiber in 
the column outlet to prevent the sodium acryiate ionomer from plugging it The swollen fibrils filled about half of the 
glass column. The didecyl dimethyl ammonium chloride solution was recirculated through the fibrils at a flow rate of 12- 
20 bed volumes per hour, or 6-10 liters/hour and at a total treatment time of 18 hours forming antimicrobial hydrogei 
20 fibrils. At this stage, the diluted didecyl dimethyl ammonium chloride solution was diverted from the column and the col- 
umn purged with 20 liters of deionized water. The f forils were removed after purging with water and air dried. The water- 
swollen antimicrobial hydrogei f forils were soft and rubbery at this point The fibrils had a sodium content of 75 ppm and 
a nitrogen content of 1 .7 percent based on dry fber weight which corresponds to 40.1 percent by weight of the quater- 
nary ammonium compound. The conversion reaction of the sod urn acryiate ionomer to the antimicrobiai hydrogei state 
25 was 80.9 percent 

Effectiveness of the hydrogei f forils was demon s trated by testing the hydrogei samples using the EASICULT® TTC 
test kit designed by ORION DIAGNOSTIC A. The EASICULt® TTC test Kit measures Colony Forming Units of micro- 
organisms per milliliter of test solution (CFU/mi). Colony forming units were visually evident on the test slides as red col- 
onies or "dots". The tested slides were visually compared against photographs of standard slides to obtain CFUArt of 

30 the test fluid in question. Test fluid was prepared by using 3.8 liters (1 US gallon) of actual pond water diluted with 34 
liters (9 US gallons) of deionized water. Nutrient broth (manufactured by DIFCO Laboratories) was added to the test 
fluid in 0.5 gram portions to stimulate micro-organism growth. 

To determine antimicrobial efficacy, approximately 70 grams of the water-swollen hydrogei fibril sample (30.3 grams 
of fibril on a dry weight basis) was placed in a 1 00 ml glass burette to a depth of 1 00 mm. Test fluid containing approx- 

36 imately 1,000,000 CFU/mJ of micro-organisms was pumped through the antimicrobial hydrogei padted burette at 20. 
40. 60 and 1 20 bed volumes per hour, corresponding to contact tones of 3, 1 .5. 1 and 0.5 minutes, respectively. 

The test fluid effluent was collected and tested for micro-organism content by dipping a fresh EASICULT® slide into 
the test fluid. Each dipped slide was placed into an incubator oven at 34°C (93° F) and incubated for 48 hours. After the 
incubation period, each of the dipped, incubated slides was removed from the incubator oven and visually compared 

40 against the standard test slides to determine and assign the number of CFU/ml for that particular sampla For test val- 
ues reported below the test limit descrtoed in the EASICULT* TTC kit (i.e.. 1 000 CFU/rnl), the results were obtained by 
serial dilution of a known organism count solution and comparing test sfide colony counts. Results of "<10" CFU/rnl 
means that there were no colony forming units seen on the slide. 

The fibrils of EAA which were converted into antimicrobial hydrogeis reduced the micro-organisms content of the 

45 effluent at all contact times tested to <10 CFU/ml of micro-organisms. Thus, under the co ndi ti ons of this test, the anti- 
microbial hydrogeis demonstrated essentially complete kill (>99.999 percent) of micro-organisms in less than 30 sec- 
onds contact time. 



50 

An ethylene-acryiic acid tnterpolymer having the properties described in Method Two above was converted into the 
appropriate form by extruding into continuous strands at a temperature of 1 13°C (235°F) to strand diameters of 3.18 
mm (0.125 inches) and 7.6 mm (0.3 inches). The strands were made on a small 1 .9 cm (0.75 inch) diameter extruder 
system having two temperature zones and were extruded under 1480 kPa (200 psig) into a bucket of water for solidfi- 
55 catiorTSeortions of the 3.1 8 mm (0.1 25 inch) strand were placed into a vacuum oven and annealed tor 1 5 hours between 
30°C and 50°C. Other portions of the unarmealed strands were stretched and oriented by hand according to the follow- 
ing table: 
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oireicn natio 


Comments 


Diameter as 
Stretched (mm) 


ZA 


NA 


As Extruded 


3.18 (0.125 in) 


2B 


NA 


After Annealing 


3.18(0.125 in) 


2C 


2:1 


Stretched; No Annealing 


1.6 (0.063 in) 


2D 


3.5:1 


Stretched: No Annealing 


0.9 (0.036 in) 


NA ■ Not applicable. La, not stretched 



Samples 2A through 2D were treated using Method One above (One step method) to form the corresponding 
hydrogels. The process to form these hydrogels utilized 20 grams of a 50 percent by weight solution of dkiecyl dimethyl 
ammonium chloride having 10 percent ethanol and 40 percent water and 130 grams of deionized water, with the entire 
solution brought to a pH of 14 using 5.7 grams of aqueous sodium hydroxide forming a basic didecyi dimethyl ammo- 
nium chloride solution. For each sample 2A through 2D. a 5 gram portion of the strand was placed in a 4 US ounce (1 20 
cm 3 ) glass bottle . The basic didecyi dimethyl ammonium chloride solution was then poured into the bottle and allowed 
to stand at room temperature (25°C) for 12-24 hours or until the reaction was complete. Heating and/or stirring the mix- 
ture will cause the reaction to proceed at a faster rate. Reaction acceleration may be accomplished, for example, by 
heating the mixture to 58-60°C. After contacting the basic didecyi dimethyl ammonium chloride solution, the antimicro- 
bial hydrogel strands were thoroughly washed with deionized water and allowed to equilibrate to room temperature and 
humidity conditions. The following table describes the properties of the strands after conversion to the antimicrobial 
hydrogel form: 



Sample No. 


Stretch Ratio 


Weight Per- 
cent Nitrogen 


Weight Percent Quat 
Ammonium Compound 


Weight Percent 
Moisture* 


Percent Conversion 
of Acrylic Acid 


2A 


NA 


1.1 


24.97 


29.61 


46 


2B 


NA 


1.1 


24.97 


25.62 


46 


2C 


2:1 


1.6 


36.32 


40.45 


66 


2D 


3.5:1 


1.9 


43.13 


48.69 


78 


NA - Not applicable, i.e.. not stretched 



•Percent moisture is measured by drying in a vacuum oven at 45-50°C for 12-18 hours and measuring weight loss of the 
strands 



Samples 2C and 2D show that stretching the strands before making a hydrogel. while using the one step process 
for forming the hydrogel, surprisingly enhances the ability of the hydrogel to increase the percent water retained and the 
conversion of the acrylic acid to the hydrogel form. 

Effectiveness of the hydrogel formed using Method One as described above was tested using a zone of inhibition 
test The zone of inhibition test demonstrates effectiveness of a antimicrobial on an agar plate which has been contam- 
inated with a mk»OKxganisrrHX)ntan r inated test fluid. The test fluid was prepared by using 3.8 liters (1 US gallon) of 
actual pond water diluted with 34 liters (9 US gallons) of deionized water. Nutrient broth (manufactured by DIFCO Lab- 
oratories) in 0.5 gram portions was added to the test fluid to stimulate micro-organism growth. Fresh agar plates (Plate 
Count Agar w/TTC (2,4,5-triphenyttetrazoBum chloride) from Remel in Lenaxa, Kansas) were then clipped three times 
into the test fluid. Each sample of hydrogel was placed onto, the dipped agar plate and the agar plate containing the 
hydrogel placed into an oven incubator and allowed to incubate for 48 hours at 30-34°C (86-93° F). After the incubation, 
the agar plate containing the hydrogel was observed for inhibition of growth. The zone of inhfcrtion was the area arouid 
the sarnplsiwhich does not support micro-organism growth. The zone of inhibition test measures the migratory nature 
of the antimicrobial in question, since the sample is stationary on the agar plate and the zone is measured about the 
periphery of the sample The antimicrobial hydrogels formed by the present examples had minimal zones of inhibition, 
with the zone on the agar plate only beneath the sample and labeled as NGCA (No Growth on the Contact Area). Th 
table below describes the test results: 
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Sample No. 


Weight Per- 
cent Nitrogen 


Weight Percent Qua! 
Ammonium Compound 


Zone of Inhibition* 


2A 


1.1 


24.97 


TQ 


2B 


1.1 


24.97 


NGCA 


2C 


1.6 


36.32 


NGCA 


2D 


1 * 


43.13 


NGCA 



*TG - Trace Growth under the sample 
NGCA a No Growth on the Contact Area 



75 Thus, the antimicrobial hydrogets do not substantially leach the antimicrobial to the surrounding agar plate media, but 
still prove effective as antimicrobials which control micro-organisms on contact as evidenced by no growth on the con- 
tact area. 

20 

A hydrogeJ was prepared using Method Three described above, wherein a portion of ethytene-acrylic acid Interpol- 
ymer is added to a Brabender mixer at 1 2S°C and allowed to melt and mix. Solid caustic (sodium hydroxide) and didecyl 
dimethyl ammonium chloride were added to the mixer when the EAA was melted and allowed to mix until the appear- 
ance was uniform (2 minutes at 150 RPM). The polymer mixture was then removed from the mixer and pressed into 
2$ films which are cut into small pieces. The small pieces were washed overnight in deiontzed water before testing for anti- 
microbial activity. The chart below identifies quantities of starting materials as well as theoretical and actual nitrogen 
content of the hydrogeis formed using the melt blending process: 



30 


Sample No. 


Amount of EAA 


Amount of NaOH 


Amount of Bioade 


Theoretical Per- 


Actual Percent 




Added (grams) 


Added (grams) 


Added (grams) 


cent Nitrogen in 


Nitrogen in the 












the HydrogeJ 


Hydrogel 


36 


3A 


30 


6 


5 


0.46 


0.4 


3B 


30 


6.7 


15.1 


1.3 


0.7 



Effectiveness of the melt manufactured hydrogeis was demonstr a ted by testing the hydrogel samples using the 
40 EASICULT^ TTC test Kit designed by ORION DIAGNOSTICA as deecrtoed in Example 1 . To determine antimicrobial 
efficacy, each hydrogel sample was placed in 500 mis of test fluid (prepared as described in Example 1) which con- 
tained approximately 10,000 CFUAnl of micro-organisms. The level of the hydrogel In the test fluid was 500 ppm by 
weight of active bound quaternary ammonium compound. The test fluid containing the hydrogel sample was continu- 
ously stirred at room temperature and, at the times indicated in the table, a fresh EASICULT* slide was dipped into the 
45 test fluid. Each ripped slide was placed into an incubator oven at 34°C (93°F) and incubated for 48 hours. After the incu- 
bation period, each of the dipped, incubated slides was removed from the incubator oven and visually compared 
against the standard test slides to determine and assign the number of CFUAnl for that particular sampla As described 
in Exarrpie 1 , test values reported below the test limit descnbed in the EASICULT* TTC Kit (i.a, 1 000 CFU/mi) were 
obtained by conparing the test slide colony count with a previously prepared standard curve (prepared by serial dilution 
so of a known organism count solution). Results of "<1 0 " CFUAnl means that there were no colony forming units seen on 
the slide. Data tor the tests using the hydrogeis of the present experiment appears in the following table: 



Sample No. 


Day 1 
CFUAnl 


Day2CFU/mJ 


Day 5 CFUAnl 


Day 6 CFUAnl 


Day7CFU/mJ 


Day 8 CFU/mi 


3A 


<10 


10 


50.000 


10.000 


50,000 


50,000 


3B 


<10 


<10 


<10 


<10 


10,000 


100.000 
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These data indicate that while both samples demonstrate antimicrobial activity, the sarrples with the greater extent 
of conversion (as represented by nitrogen content) had longer utility in use. 

5 EXAMPLE 4 - not an example of the invention; for comparison only. 

EAA was reacted with didecyl dimethyl ammonium chloride in the melt without using an aqueous base. Thirty five 
grams of EAA were added to a Brabender at 100°C and allowed to melt and mix. Ten grams of didecyl dimethyl ammo- 
nium chloride were added to the molten EAA and allowed to mix until the polymer blend has a uniform appearance. The 

w polymer blend was removed from the Brabender, pressed into film and cut into small pieces. These small pieces were 
then repeatedly washed with deionized water. The samples produced in this manner had a maximum theoretical nitro- 
gen content of 1.1 percent and a measured nitrogen content of 0.8 percent seemingly indicating a conversion of 70 per- 
cent but were not water-swollen. Test fluid was prepared as described in Example 1 containing approximately 10,000 
CFU/ml of micro-organisms (measured using the EASICULT® system). The efficacy of the polymer blend sample was 

1 s determined by using the EASICULT® test procedure described in Example 3. The results are shown in the table below: 



Day 1 CFU/ml 


Day 2 CFU/ml 


Day 5 CFU/ml 


Day 6 CFU/ml 


Day 7 CFU/ml 


Day8CFU/rrt 


100.000 


100.000 


100.000 


100.000 


10,000,000 


1,000,000-10.000,000 



As the data indicate, the sample made without adding the base solution to the polymer melt was not effective in 
destroying or controlling micro-organisms and thus is not an example of the present invention. 

25 

EXAMPLES 5-1 Q and tamparattvfi Example 1 1 

A series of antimicrobials were used to form various hydrogeis using the same one step method described in 
Example 2 with the same starting polymer (EAA) melt spun into approximately 50 micro-meter diameter ffoer, with the 

30 exception that the antimicrobial in Example 2 was substituted with each of the respective antimicrobials in the subse- 
quent Examples. Test fluid was prepared as deecrfeed in Example 1 containing approximately 1 0,000 CFU/ml of micro- 
organisms (measured using the EASICULT^ system). Using the EASICULT® test procedure described in Exarrpie 3, 
the efficacy of each of the incfividual hydrogeis was determined The antimicrobials used in these examples, their chem- 
ical identity, percent nitrogen and the percent active bound quaternary ammoniun conpound appears in the following 

33 table: 



Antimicrobial 
Example 


Chemical Identity 


Tradename 


Percent Nitrogen 


Percent Active Quat. 
Ammon. Cmpnd. 


5 


DIMETHYL BENZYL 
AMMONIUM CHLORIDE 


BARQUAT® 4280 


1.5 


35.97 


6 


DIMETHYL DICOCO 
AMMONIUM CHLORIDE 


ARQUAD* 2C-75 


0.5 


32.59 


7 


CETYL DIMETHYL ETHYL 
AMMONIUM CHLORIDE 


NA 


1.5 


62.5 


8 


CETYL TRIMETHYL 
AMMONIUM BROMIDE 


NA 


1.5 


58.33 


9 


CETYL PYRIDINIUM 
CHLORIDE 


NA 


1.3 


28.28 


10 


DIDECYL DIMETHYL 
AMMONIUM CHLORIDE 


BARDAC® 2250 


1.7 


39.96 


NA Available 



• Registered trademark of LONZA, Inc. 
'Made by AKZO Chemie America 
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Comparativ Example 1 1 measures the micro-organism increase in the test fluid without hydrogels present i.e.. 
the measured increase in micro-organism count over time without the presence of the hydrogels of the present inven- 
tion. The micro-organism reduction result for each sample is listed in th following table: 

5 



10 



15 



20 



EXAMPLE 


Nitrogen 


1 Hmr CRJ/rrH 


2 Hmire flFII/ml 
£ nouio wrU/tTu 


o nours uru/rni 


5.5 Hours 
CFU/ml 


24 Hours 
CFU/ml 


5 


1.5 


<10 


<10 


<10 


<10 


<10 


6 


0.5 


10,000 


-1000 


•500 


*100 


-100 


7 


1.5 


<10 


<10 


<10 


<10 


<10 


8 


1.5 


*1000 


*500 


*100 


*50 


*10 


9 


1.3 


<10 


<10 


<10 


<10 


<10 


10 


1.7 


<10 


<10 


<10 


<10 


<10 


ir 


NA 


10,000 


50,000 


100.000 


500.000 


100,000 


NA- Not Applicable 



•Not an example of the invention; Comparative Example Only 



25 

EXAMPLE 12 

The two step method described previously in Method Two and in Example 1 was used to prepare hydrogel particles 
by starting with EAA having a men index of 300 grams/1 0 minutes and 20 percent acrylic acid content which was finely 

30 ground and sieved to a particle size of 200 mesh (75 ^m). Conversion of the EAA particles to a hydrogel using didecyl 

dimethyl ammonium chloride as the antimicrobial yielded hydrogel powder having a nitrogen content of 2.2 percent 4 Q 
(44.66 percent by weight active bound quaternary ammonium compound). 

Portions of this powdered hydrogel were added to CLEAN & CLEAR® facial moisture lotion (made by REVLON, :j 
Inc.) at levels of 5.4 percent 8.5 percent 10.6 percent and 20.6 percent by weight of hydrogel. CLEAN & CLEAR con- e 

36 tains: water, tsosteryt neoperttanonate, propylene glycol, TEA-stearate, glyceryl stearate, steareth-20, TEA-carbomer 
941, geranium extract, dipropylene glycol, trisodium EDTA, stearic add, methyfparaben. propylparaben, imidazolidirtyl 
urea, FD&C red #4 and FD&C yellow #5. Of these compounds, methyl paraben, propylparaben and imidazolidinyl urea 
are ami microbials which are added to the formulation by the manufacturer to prevent bacterial growth during storage of 
the cream. 

40 CLEAN & CLEAR lotion cream was formulated with varying levels of 200 mesh (75 urn) hydrogel particles. One 
weight percent of the formulated CLEAN & CLEAR was added to a portion of a test fluid. Test fluid was prepared as 
described in Example 1 containing approximately 1 ,000 CRJAni of micro-organisms (measured using the EASICULT* 9 
system). Using the EASICULT® test procedure described in Example 3. the efficacy of each of the formulated Clean & 
Clear samples was determined. The following table describes test results after adding the hydrogel at the active bound 

45 quaternary ammonium compound concentr a tion indicated: 



50 



55 "V. 
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Sample 


Active Bound Quat. 
Ammon. Cmpnd. 
Concn. "* (ppm) 


CFU/ml After t Hour 


CFU/ml After 
2.5 Hours 


CFU/ml After 
3 Hours 


CFU/ml After 
5.5 Hours 


Test fluid 


0 


1000 


5000 


10,000 


1,000.000 


A* 


0 


1000 


5000 


10.000 


1,000,000 


B 


250 


<10 


«10 


*100 


100.000 


C 


400 


<10 


<10 


*10 


=100 


0 


500 


<10 


<10 


<10 


=10 


E** 


500 


<10 


<10 


<10 


=10 


F 


1000 


<10 


<10 


<10 


<10 



* Contains 1% by weight CLEAN a CLEAR without hydrogel 

" Contains 500 ppm of the active bound quaternary ammonium compound, but 0% CLEAN a CLEAR 
""approximate level in the test fluid 



The data indicate that addition of hydrogel partides to CLEAN & CLEAR lotion cream was effective in destroying 
micro-organisms. Sample A shows that diluted CLEAN & CLEAR alone was not effective as a antimicrobial. Sample E 
clearly demonstrates that the hydrogel was responsible for the antimicrobial activity. Samples B, C, D and F show that 
25 different levels of hydrogel result in different levels of effectiveness and thus afford a formulator flexibility dependant 
upon end use. 

EXAMPLE 13 

30 The 200 mesh (75 \im) hydrogel particles of Example 1 2 were added to commercial toothpastes to show effective- 
ness in controlling rnicroK>rganisrnB. These commercial toothpastes and their reported contents were as follows: 

QLEEM® bv Procter A Gamble: sodium fluoride in a dentifrice base of calcium pyrophosphate, water, sorbitol, glyc- 
erin, cellulose gum, sodium fauryl sulfate, flavor, magnesium aluminum silicate, disodium phosphate, sodium phos- 
phate, and sodium saccharin; and 

35 ULTRA BRITE by Colgate-Palmolive Company: Sodium rnondluorophosphate, water, glycerin, hydrated silica, alu- 
mina, sodium lauryl sulfate, flavor, carrageenen, cellulose gum, sodium benzoate. titanium dioxide and sodium saccha- 
rin. 

Portions (0.91 grams) of the 200 mesh (75 pm) hydrogel particles were mixed with 3 gram portions of two commer- 
cial toothpastes. The entire amount of each formulated mixture was added to 500 ml of test fluid prepared as in Exam- 
40 pie 1 containing approximately 100,000 CFU/rnJ miao-organtsrns to yield a mixture containing 910 ppm active bound 
quaternary ammonium compound and 6000 ppm toothpaste in the test fluid. Using the EASICULT* test procedure 
described in Example 3, the efficacy of each of the formulated toothpaste samples was determined. The results are dis- 
played in the following table: 



so 



55 



Trial 


Base Toothpaste 


Active Bound Quater- 
nary Ammonium Com- 
pound Approximate 
Concentration (ppm) 


CFU/ml in 1 Hour 


CFU/ml in 2 Hours 


CFU/ml in 3 Hours 


A 


GLEEM* 


0 


100,000 


100,000 


- 100,000 


B 


OLE EM* 


910 


500 


100 


100 


C 


ULTRABRITE** 


0 


100,000 


100,000 


100,000 


D 


4JLTRABRITE** 


910 


500 


100 


<10 



* Tradename of PROCTER A GAMBLE 



Tradename of COLGATE- RM-MOUVE Company 
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As the data indicate, Trials CandE, which contain the hydrogei particles of the invention, control the micro-organ- 
isms in a matter of hours, whereas comparative Trials A, B and 0, which do not contain hydrogei. had no effect on the 
micro-organism population. 

5 

EXAMPLE 14 

Similarly, to Example 13, 0.91 gram portions of the 200 mesh (75 Mm) hydrogei particles prepared in Example 12 
were added to 3 gram portions of commercially available shampoos. Each formulated shampoo sample was added to 
w an aliquot of nutrient enriched test fluid (prepared as in Example 1) containing approximately 10,000 CFU/ml micro- 
organisms. Antimicrobial activity was tested using the EASICULT® TTC SYSTEM as described in Example 3. The table 
below summarizes the data: 



Trial 


Base Shampoo 


Active Bound Quater- 
nary Ammonium Com- 
pound Approximate 
Concentration (ppm) 


CFU/ml in 2 Hours 


CFU/ml in 3 Hours 


CFU/ml in 4 Hours 


A 


Test Fluid Only 


0 


50,000 


100.000 


100,000 


B 


CLAIROL* 


0 


50,000 


100,000 


100,000 


C 


CLAIROL* 


910 


1,000 


100 


<10 



'MadebyClairol, Inc. 



As the data indicate, Trial C, which contained the hydrogei particles of the invention, controlled the micro-organisms 
in a matter of hours, whereas comparative Trials A and B, which did not contain hydrogei, had no effect on the micro- 
30 organism population. 

EXAMPLE 15 

Similarly to Example 13, 0.91 gram portions of the 200 mesh (75 \ur\) hydrogei particles prepared in Example 13 
35 were added to 3 gram portions of three commercially available soaps. Each formulated mixture was added to 500 mJ f of 
test fluid prepared as in Example 1 containing approximately 100,000 CFU/ml miao-orgarasms to yield a mixture con- 
taining 910 ppm active bound quaternary ammonium compound and 6000 ppm soap. Using the EASICULT® test pro- 
cedure described in Example 3, the efficacy of each of the formulated soap samples was determined. The results are 
displayed in the following table: 

40 



Trial 


Base Soap 


Active Bound Qua- 
ternary Ammonium 
Compound Approxi- 
mate Cone (ppm) 


CFU/ml in 1 Hour 


CFU/ml in 2 Hours 


CFU/ml in 3 Hours 


A 


OXYDOL* Flake 


0 


100,000 


75.000 


100.000 


B 


OXYDOL* Rake 


910 


50.000 


10,000 


5.000 


C 


IVORY** Hand 


0 


100.000 


100,000 


100,000 


D 


IVORY** Hand 


910 


1,000 


100 


10 


E 


SUN*** Liquid 


0 


100,000 


100,000 


100.000 


F 


SUN*** Liquid 


910 


5,000 


1000 


10 



*"ffadename of Procter a Gambia 
** Tradename of Procter a Gamble 
— Tradename of Lever Brothers Company 
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Trials B, D and F show that the addition of the hydrogel particles of the invention to commercially available so^s 
controlled micro-organisms in water. Trials A, C and E show that the commercially available soaps did not control micro- 
organisms by themselves. 

5 

EXAMPLE 16 

Using Method One, a hydrogel was prepared from melt spun EAA with cetyt pyridinium chloride (CPC) substituted 
for didecyt dimethyl ammonium chloride. The active level of the antimicrobial cation (or active bound quaternary ammo- 

w nium compound) after this reaction was 2. 1 percent by weight nitrogen or 48.4 percent by weight CPC. Portions of the 
hydrogel fber were added to 500 ml aliquots of test fluid (prepared as in Example 1) containing approximately 100,000 
CFU/ml micro-organisms to yield mixtures containing from 16 ppm active bound quaternary ammonium compound to 
517 ppm active bound quaternary ammonium compound. Trial A did not contain hydrogel and was a comparative trial 
only. Using the EASICULT& test procedure described in Example 3, the efficacy of each of the formulated samples was 

is determined. The results are displayed in the following table: 



Trial 


Active Bound Qua- 
ternary Ammonium 
Compound Approxi- 
mate Cone, (ppm) 


CFU/ml in 1 Hour 


CFU/ml in 2 Hours 


CFU/ml in 3 Hours 


CFU/mJ in 4 Hours 


A* 


0 


100.000 


100.000 


100.000 


100.000 


B 


16 


50 


10 


10 


10 


C 


30 


<10 


<10 


<10 


<10 


0 


62 


<10 


<10 


<10 


<10 


E 


86 


<10 


<10 


<10 


<10 


F 


172 


<10 


<10 


<10 


<10 


Q 


258 


<10 


<10 


<10 


<10 


H 


346 


<10 


<10 


<10 


<10 


1 


430 


<10 


<10 


<10 


<10 


J 


517 


<10 


<10 


<10 


<10 



* Test fluid without hycfrogel added 



40 

The data show that hydrogefs made in accordance with the invention using cetyl pyridinium chloride as the antimi- 
crobial and placed into micro-organism rich environments were effective in reducing bacteria counts, even down to a 
level of 16 ppm active bound quaternary ammonium compound. 

45 EXAMPLE 17 - For Comparison only; not an example of the invention 

CEPACOL™ mouthwash (made by Lakeside Pharmaceuticals), which contains 500 ppm of cetyl pyridinium chlo- 
ride (CPC). was added in various aliquots to test fluid prepared as in Example 1 which contained approximately 
1 ,000,000 CFU/ml. The level of the CEPACOL was adjusted in each trial to vary the active level of CPC. Using the EAS- 
so ICULf® test procedure deecribed in Example 3, the efficacy of each of the formulated samples was determined. The 
data are summarized below: 



55 
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Trial 


Active CPC 
Content (pom) 


CFU/ml in 1 Hour 


CFU/mJ in 4 Hours 


A* 


0 


1 .000,000 


1,000,000 


B 


5 


50,000 


NM 


C 


■i A 


C AAA 

5,000 


NM 


n 

u 


1^ 

19 




NM 


E 


20 


100 


NM 


F 


25 


10 


<10 


G 


50 


<10 


<10 


H 


100 


<10 


<10 


I 


200 


<10 


<10 



• Test fluid only wihout CE RACOL added NM indicates data Not 
Measured 

20 



As the data indicate, CPC was effective as an antimicrobial to low levels. Control of micro-organisms was exhibited -™> 
within one hour of contact when the CPC level was as tow as 25 ppm. As Example 16 demonstrated in comparison to 
25 Example 1 7, when CPC was utilized as the active an tim icrobial of the present invention in hydroqel form, the hydrogeis 

were capable of performing as antimicrobials at approximately the same active CPC level as a commercially available ^ 
mouthwash, 

EXAMPLES 18-19 and COMPARATIVE EXAMPLE 20 

30 

Antimicrobial hydrogeis were prepared from EAA cast film and didecyl dimethyl ammonium chloride (Example 1 8), 
CPC (Example 19) and 8-fcydroxy quinofine (Comparative Example 20) using the one-step process previously ^ 
described. The hydrogeis were tested for activity using the zone of inhibition test described in Example 2 and test fluid . < - 

prepared as described in Example 1 with initial plate count at > 10,000 CFU/ml rnicroorganisms. The samples were 
35 also tested lor percent nitrogen, irvficating the presence or absence and level of the specific antimicrobial. Each hydro- 
gel film sample was tested at the beginning of the procedure (i.e., before contact with water) and after 7 days of daily 
24 hour stagnant soakings in deionized (Dl) water (pH-4.52). Each of the samples was indhriduaiy placed in 125 mJ 
(approximately 4 US ounce) aliquots of fresh Dl water. 
The te6t results are described in the following tables: 

40 



50 



Example 


Antimicrobial 


Starting Per- 
cent Nitrogen 


Starting Weight Per- 
cent Bound Quat 


Remaining Per- 
cent Nitrogen 


Remaining 
Weight Percent 
Bound Qua! 


18 


didecyl dimethyl 
ammonium chloride 


0.86 


20.03 


0.86 


20.02 


19 


CPC 


0.57 


12.4 


0.54 


11.75 


20* 


8-hydroxy quinofine 


0.09 


0.35 


0.005 


0.02 



• Comparative example only 



55 V 
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Example 


Antimicrobial 


Beginning Zone of 
Inhibition (mm) 


Zone of Inhibition 
After 7 Days Dl 
Water Contact 


18 


didecyt dimethyl ammonium chloride 


NGCA" 


NGCA" 


19 


CPC 


NGCA** 


NGCA" 


20* 


8-hydroxy quinoline 


5.5 


None*** 



"Comparative example only 
"No Growth on Contact Area 

'"No zone of inhfcction (i.e., growth everywhere, including contact area) 
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As the data inticate, Examples 18 and 19 did not have a measurable zone of inhibition, although they did not have 
growth detected beneath the sample, and did retain the antimicrobial, as measured by percent nitrogen, at levels from 
94-1 00 percent (by weight of the original level) after 7 days of contact with Dl water. Thus, the antimicrobials tor use with 
the present invention were essentially non-leachable when used in manufacturing the hydrogels of the present inven- 

20 tion. As previous Examples using the EASICULT® system demonstrated, each of these hydrogels controled micro- 
organisms on contact without having a measurable zone of inhibition. 

In contrast, when 8-hydroxy quinoline was used as the antimicrobial, the zone of inhibition was initially high, incfi- 
eating antimicrobial migration, and was reduced after 7 days of contact with Dl water to no detectable zone of inhibition, 
with growth detected under the sample. The percent nitrogen analysis verified the rapid depletion or migration of 8- 

25 hydroxy quinoline from the hyttroget structure, thus showing its leachabHity. 

Example 21 

A dispersion of antimicrobial hydrogels was formed by the following procedure: 

30 

1. An amount of a quaternary ammonium salt ham antimicrobial properties was added to an amount of deionized 
water and stirred. The pH was adjusted to the indicated target thus forming a first solution. 

2. An ethyteneVacrylic acid dispersed solution (dispersed using any of the methods known to those skilled in the art, 
for example, by mixing with an aqueous dispersion of ammonium hydroxide) was diluted with deionized water to a 

35 predetermined degree and also stirred to form a second solution. 

3. The entire second solution was slowly added to the first solution while simultaneously stirring to prevent solids 
aggregation, thus forming a third solution. 

4. The pH of the third solution was adjusted to the desired point until the pH was relatively constant thus forming 
the antimicrobial hydrogel dispersion. 

40 

Percent non-dispersibies was determined by filtering an aliquot of the dispersion through a 100 mesh (1 50 micro- 
meters) screen and weighing the amount of the cfispersion collected on the screen. The percent solids was determined 
by calculating the amount of the solids originally added to the solution minus the amount of the non*dispersfcle6. The 
following table describes the quantities used in dispersions formed from the antimicrobial hydrogels of the present 

45 invention: 



Trial 


First Solution 


Second Solution 


Percent Conversion 




Weight of Quat. 

Amm. Salt 
added (grams) 


Weight of water 
added (crams) 


Weight of EAA disper- 
sion added (grams) 


Weight of water 
added (grams) 




1A-D 


10 


100 


20 


70 


100 


2A-D 


7 5 


100 


20 


70 


75 


3A-D 


5 


100 


20 


70 


50 
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The following three tables list the percent non -disparities and percent solids for these three experiments as a func- 
tion of pH: 



Trial 


Target pH 


Weight per- 
cent solids 


Weight percent 
norvdispersibles 


1A 


4 


4.70 


62.22 


18 


6 


5.47 


96.01 


1C 


8 


7.68 


98.32 


ID 


10 


3.65 


2.09 


Target conversion - 50 percent 




Trial 


Target pH 


Weight per- 
cent solids 


Weight percent 
rton-dtspersMes 


2A 


4 


5.36 


65.03 


2B 


6 


5.61 


76.75 


2C 


8 


723 


98.49 


2D 


10 


6.75 


93.87 


Target conversion ■ 75 percent 




Trial 


Target pH 


Weight per- 
cent solids 


Weight percent 
non-dispersfeles 


3A 


4 


5.13 


7.88 


38 


6 


4.99 


1.05 


3C 


8 


4.93 


76.74 


3D 


10 


3.36 


90.89 


Target conversion - 100 percent 



It is important to note that one or more surfactants can be added to the dispersion, but it is not necessary to add 
surfactant for the dispersion to be formed. 

The efficacy of cfisperston trial 3B was demonstrated by performing a zone of inhibition test as descrfoed in Exam- 
ple 2. using the POLYSEED® (made by POLYBAQ Bacterial Inoculum test solution described in Example 22. The dis- 
persion was added dropwise to each of the indicated substrates and subsequently air dried overnight The dispersion 
coated substrate was weighed and reweighed to determine the amount of dispersion added. The following table 
describes the test results: 
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Substrate 


Dispersion 
amount applied to 
substrate (yams) 


Zone of Inhi- 
bition (mm) 


NA 


NA 


3.25 


nylon scrim 


0.002 


0.75 


filter paper 


0.0103 


1.0 


NA o Not Applicable; this sample is the antimicro- 
bial hydrogel which is cold pressed into a plaque 



f5 

As the data indicate, the zone of inhibition was minimal for all the samples, but the antimicrobial hydrogel disper- 
sions still maintained efficacy. 

Example 22 

20 

Blends of hammer milled hydrogel fiber having approximately 1 .9 percent nitrogen prepared as in Example 1 and 
other thermoplastic polymers (lew density polyethylene (LOPE), ethylene-carbon monoxide copolymers (ECO), and 
ethylene-acrylic acid interpolymers (EAA)) were prepared by preweighing each sample and adding to a modified Ban- 
bury mixer for melt mixing. The antimicrobial hydrogete were allowed to air dry before the experiment was performed. 

25 The diluent thermoplastic was added to the Banbury first and melted. Subsequently, the antimicrobial hydrogel was 
added to the Banbury and allowed to blend for 2 minutes. For a polyethylene based effluent thermoplastic, the temper- 
ature was approximately 1 40°C. For a 100 percent antimicrobial hydrogel mart blended sample, the melt temperature is 
approximately 1 30°C. After the 2 minute mixing period, the pctymer/antimicribial hydrogel blend was pressed into 5 cm 
(2 inch) diameter disks, each 0.3 cm (0.125 inch) thick in a hot press at 190°C for 2 minutes. The pressed disks were 

30 subsequently tested for antimicrobial activity using the zone of inhibition testing previously described in Example 2 
using a POLYSEED® Bacterial Inoculum test solution prepared according to the following recipe: 

POLYSEED® is a blend of twelve types of bacteria (rods and cocci) commonly found in municipal and industrial 
wastes which has been formulated as a seed population for biochemical oxygen demand (BOD) tests. In practice it has 
been found that bacterial populations on the order of 1 0 6 colony forming units (CPU) per ml can be expected with one 

35 POLYSEED® capsule. This population is stable for up to six hours with stirring and aeration. 

1. Reagent Preparation 

Prepare aqueous reagent solutions as follows: 

40 a. Magnesium sulfate solution: Dissolve 3.35 g MgS0 4 • 7H 2 0 in distilled water and dilute to one hundred mis. 

b. Calcium chloride solution: Dissolve 3.75 g CaC! 2 in distilled water and dilute to one hundred mis. 

c. Ferric chloride solution: Dissolve 0.025 g FeCfe • 6H20 in distilled water and dilute to one hundred mis. 

d. Phosphate buffer solution: Dissolve .85 g KHzPO* 2.175 g K^HPO* 3.34 g I^HPOWHaO. and .17 g 
NH 4 CI in about 50ml of distiQed water and dilute to 100 ml. The pH should be 7:2 without further adjustment. 

45 e. Place prepared solutions in bottles for storage. 

NOTE: Discard any of the above reagents if there is any sign of biological growth in the stock solutions. 

2. Measure 500 ml of distilled water into a one liter beaker. 

50 3. Add one ml of each of the prepared reagents (see step 1) to the distilled water and stir to mix 

4. Add the contents of one POLYSEED® capsule to the water. 

5. Place a magnetic stirring bar into the solution and stir on a stir plate and aerate with a sparge tube for at least 
one hour. 

6. After one hour, remove an aliquot of the POLYSEED® solution. 

55 7. Expose an EASICULT-TTC slide to this solution and incubate as per the instructions for its use. 

8. Continue to stir and aerate the POLYSEED® solution as aliquots are withdrawn for various purposes. The solu- 
tion is good for at least six (6) hours after preparation. 

9. At the conclusion of testing or at the end of the day, dispose of the solution. 
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The following tables describe the mett blended antirricrobial hycfrogel/thermoptastic polymer blends and the result- 
ant antimicrobial activity: 



Weight Percent 
Hydrogel 


Diluent Polymer 


7nne of Inhi- 
bition (mm) 


Efficacy* 


50 


EAA (3 percent acrylic acid) 


2.0 


NQOC 


50 


ECO (9.8 percent carbon monoxide) 


3.0 


NQOC 


100 


None 


4.65 


NQOC 


100" 


None 


3.75 


NQOC 



"NGOC * No Growth On the Contact area 
" Not Melt blended 

15 



DQuertt polymer ■ EAA (melt index ■ 1 .5 g/10 minutes. 1 0 percent 
acrylic acid) 


Weight Percent 
Hydrogel 


Meltindex(p/10 
minutes) 


Zone of Inhi- 
bition (mm) 


Antimicrobial 
Efficacy* 


50 


29 


0 


TGOC 


25 


3.9 


0 


TQOC 


12.5 


2.5 


0 


QOC 


6.25 


2.2 


0 


GOC 


3.125 


1.8 


0 


QOC 


0 


1.5 


0 


GOC 



TQOC * Trace growth on the Contact area 
GOC • Growth on the Contact area 



Diluent polymer ■ LDPE (melt index - 2 g/10 minutes, density » 
0.9225 c/cc) 


Weight Percent 
Hydrogel 


Melt index (o/lO 
minutes) 


Zone of Inhi- 
bition (mm) 


Antimicrobial 
Efficacy* 


50 


143 


2.25 


NQOC 


25 


18 


0.75 


NGOC 


12.5 


5 


0.5 


NQOC 


6.25 


3.4 


0 


TQOC 


3.125 


^9 


0 


QOC 


0 


2 


0 


QOC 



'NGOC • No Growth On the Contact area 
TGOC - Trace Growth on the Contact area 
GOC - Oowth on the Contact area 
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As the data in th tables demonstrate, mett blends of arrtimiaobial hydrogels of the present invention with other 
thermoplastics, especially LOPE, ECO, and EAA having relatively low acrylic acid content, maintained effectiveness as 
antimicrobials, with minimal zones of inhibition, but without growth on the contact area. 

Claims 

1 . A water-swollen but water-insoliAle antimicrobial hydrogel obtainable by reacting at least one vinyl addition shaped 
interpolymer having pendant alkali metal or ammonium carboocytate groups with at least one antimicrobial com- 
pound selected from quaternary ammonium salts, protonated tertiary ammonium salts of Formula II herein, and 
chlorhexidine, thereby ionically bonding said antimicrobial compound to the pendant carboxyfate groups and ren- 
dering the antimiaobial compound essentially non-ieachabie from the hydrogel when contacted with deionized 
water. 

2. A hydrogel as claimed In Claim 1 , wherein at least 75% of the pendant carboxyfate groups are ionically bonded to 
said antimicrobial compound. 

3. A hydrogel as claimed in Claim 1 or Claim 2, wherein said antimicrobial compound is chlorhexidine. 

4. A hydrogel as claimed in Claim 1 or Claim 2, wherein said antimicrobial compound is a quaternary ammonium salt 

5. A hydrogel as claimed in Claim 1 or Claim 2, wherein said antimiaobial compound has a molecular structure cor- 
responding to the formula: 



R R' 

wherein 

each R" independently is -CH3 or -CjHs and each R independently is C 2 H 5 -C 2 oH 41 
A e - compatible neutralizing inert anion. 



II. I N 

H R' 



wherein 

each FT is independently -CH 3 or -C2H5 and 

R - C2H5-C20H41 

A e » compatable neutralizing inert anion, or 




wherein 

*VP ■ C2H5-C20H41 

R" » inert substituerrt or -H 

A e a compatable neutralizing inert anion. 

6. A hydrogel as claimed in Claim 5, wherein said antimiaobial compound is clidecyl dimethyl ammonium chloride or 
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bromide, cetyl pyridinium chloride or bromide, dimethyl benzyl ammonium chloride or bromide, or a mixture of any 
of these. 

7. A hydrogel as claimed in any one of the preceding claims, wherein said vinyl addition interpolymer is an lonomer 
of an interpeiymer cf ethylene with an alp^a-oJsfinicaily unsaturated carbaxyiic acid a ester. 

8. A hydrogel as claimed in Claim 7, wherein said vinyl addition interpolymer is an ionomer of an ethylene-acrylic acid 
interpolymer. 

9. A hydrogel as claimed in Claim 8, wherein said vinyl addition interpolymer is a sodium ionomer of an ethylene- 
acrylic acid interpolymer. 

10. A hydrogel as claimed in any one of the preceding claims, wherein said hydrogel is substantially dehydrated. 

1 1 . A hydrogel as claimed in Claim 10. wherein said hydrogel is water absorbent or water-sweQabie. 

12. A hydrogel as claimed in any one of the prececfing claims, wherein pendant alkali metal carboxyiate or ammonium 
carboxylase groups have been ion-exchanged with at least one mono-, di-, or tri-vaient metal cation to elevate the 
melting point of the hydrogel. 

13. An antimicrobial composition comprising a hydrogel as claimed in any one of the preceding claims, blended with 
one or more thermoplastics and men processed into a desired shape. „ 

14. A composition as claimed in Claim 13. wherein said thermoplastic is chosen from polypropylene, low density poly- 
ethylene, linear low density polyethylene and ethylene-acrylic acid interpdymers. 

15. A method of mating a water-swollen but water-insoUble antimicrobial hydrogel as defined in Claim 1 comprising 

(A) reacting, in aqueous reaction medium, 

(a) at least one shaped vinyl addition interpolymer having pendant aflcali metal carboxyiate or ammonium 
carboxytate groups with 

(b) at least one antimicrobial compound selected from quaternary ammonium salts, proto na ted tertiary 
ammonium salts of Formula II herein, and chiorhexkfine and 

(B) recovering the reaction product as said antimicrobial hydrogel. 

16. A method ae claimed in Claim 15, wherein the vinyl addition interpolymer ionomer is formed in situ in a one step 
process in which the shaped parent interpolymer is Gtmuttaneously contacted with aqueous base of at least pH 7. 1 
and said antimicrobial compound. 

1 7. A method as claimed in Claim 1 5, wherein the vinyl addition interpolymer ionomer \s formed in a first step by con- 
tacting the shaped parent Interpolymer with aqueous base of at least pH 7.1 and said ionomer is co^ 

ond step with said antimicrobial compound in a dilute aqueous solution of pH 6 to pH 7. 

18. A method 8S claimed in Claim 16 or Claim 17, wherein the parent interpolymer is in the form of a stretched fiber or 
strand. 

19. A method of making a water-swollen but water-insoluble antimicrobial hydrogel as defined in Claim 1 cornprising 
melt mbdng at least one shaped vinyl adefition interpolymer with at least one antimicrobial conpound selected from 
quaternary ammonium salts, proto na ted tertiary ammonium salts of Formula II herein, and chlorhexidine while 
simultaneously or incrementally acfcfng an aqueous caustic solution. 

20. A method as claimed in any one of Claims 15 to 19. wherein the vinyl addition interpolymer ionomer and/or antimi- 
dttpal corrpound is as defined in any one of Claims 3 to 9. 

21. A method as claimed inanyoneofOairm 15 to 20, further <»n^ 

hydrogel. 



21 



EP0 552151 B1 



22. A method as claimed in any one of Claims 15 to 20, further comprising ion exchanging said pendant alkali metal 
carboxytate or ammonium carbaxylate groups with at least one mono-, di-, and/or tri-valent metal cation to form an 
antimicrobial hydrogel having an elevated melting point. 

5 23. Th use of an antimicrobial hydrogel as defined in Claim 1 to control micro-organisms. 

24. A use as claimed in Claim 23, wherein the hydrogel is as defined in any one of Claims 2 to 12. 

25. A method of removing water from an aqueous fluid comprising contacting said aqueous fluid with the water absorb- 
to ent hydrogel of Claim 1 1 . 

PatentansprOctie 

1 . Wassergequollenes aber wasserunldsliches antimikrobiellee Hydrogel. erhawich durch Umsetzen von mind est ens 
15 einem durch Vinyladdition gebildeten Interpolymer das Aikalimetafl- oder Ammoniumcamoxylatseitengruppen auf- 

weist, mrt mindestens einer antimikrobiellen Verbindung, ausgewdhlt aus quart&ren Ammoniumsalzen. protonier- 
ten tertaren Ammoniumsalzen der hierin angegebenen Formel II, und Chlorhexkfin, wobei die antimikrobielle 
Verbindung an die Carboxytatseitengnjppen ionisch gebunden wird und die a ntimi toobielle Verbindung im weserrt- 
lichen aus dem Hydrogel ntcht auslaugbar gemacht wird, wenn es mrt entiordsiertem Wbsser kontaktiert wird. 

20 

2. Hydrogel nach Anspruch 1, worin mindestens 75 % der Carboxylatseitengruppen ionisch an die antimikrobielle 
Verbindung gebunden sind. 

3. Hydrogel nach Anspruch 1 oder Anspruch 2, worin die antimikrobielle Verbindung Chlorhexkin ist 

25 

4. Hydrogel nach Anspruch 1 oder Anspruch 2, worin die antimikrobiefle Verbindung ein quart&res Ammonfumsalz ist 

5. Hydrogel nach Anspruch 1 oder Anspruch 2, worin die antmikrobiefle Verbindung eine MolekOlstruktur entspre* 
chend der Formel: 

30 

I. 



35 




aufweist worin jedes R* unabhangig -CHg oder -C^Hs ist und jedes R unabhangig C^s^h^^ ist - 
A' - kompatibies, neutralisierendes. inertes Anion, 

40 

II. 



45 




so worin jedes R' unabhangig CH 3 oder -C2H5 & und 

R ■ C^HgrC^o^Ul 

A' * kompatablee. neutralisierendes, inertes Anion, 
Oder 

55 V; 
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III. 




worin R o C2H5-C20H41 

R" » inerter Substituent Oder -H 

A' a kompatables, neutalisiefrendes, inertes Anion 

6. Hydrogel nach Anspruch 5, worin die antimikrobielle Verbindung Didecytf methylammoniumchiorid Oder -brorrid, 
CetylpyridirfumcHorid Oder -bromid, Oimethytberttyianwrx^ Oder -bromid. Oder ein Gemisch von belie- 
bigenausdiesen tst. 

7. Hydrogel nach einem der vorhergehenden AnsprOche, worin das NfinyladcStionsirrtefpolymer ein lonomer eines 
Interpolymers von Ethylen mrt einer aipha-olefintsch ungeedtSgten CarbonsAure Oder einem alpha-olef inisch unge- 
sflttigten Ester ist. 

8. Hydrogel nach Anepruch 7, worin das NfriytackJrtx^nterpcrfymer ein lonomer eines Ethylen- Acryteaure- Interpoly- 
mere let 

9. Hydrogel nach Anspruch 8, worin das VinyladdHionsinterpolymer ein Natriumionomer eines Ethyten-Acrylsaure- 
Interpotymers ist 

10. Hydrogel nach einem der vorhergehenden AnsprOche, worin das Hydrogel im wesentlichen dehydratisiert ist. 

11. Hydrogel nach Anspruch 10, worin das Hydrogel wasserabsorbierend Oder wasserquefibar tst 

12. Hydrogel nach einem der vorhergehenden AnsprOche, worin Alkaiimetallcaibaxylat- oder Ammoniumcarboxylat- 
seitengruppen mit mindestens einem mono-, cfi- Oder trivalenten Metailkation ionenausgetauscht worden sind. urn 
den Schmelzpunkt des Hydrogels zu erhohen. 

13. Antimikrobielle Zusammen6eteung, umfassend ein Hydrogel nach einem der vorhergehenden AnsprOche, 
gemischt mit einem oder mehreren Thermopiasten und in eine gewGnschte Form schmelzverarbeitet 

14. Zusammensetzung nach Anspruch 13, worin der Thermoplast ausgewAMt Ist aus Polypropylen, Polyethyten mit 
niederer Dichte. finearem Fotyethyfen mil niederer Dichte und Ethylen- AcryteaiFe-lntmpoiymeren. 

15. Verfahren zum HersteBen eines wassergequollenen aber wasseruntostichen artimikrobteflen Hydrogels nach 
Anspruch 1, umfassend 

(A) Umsetzen in w&ssrigem ReaMionsmecfium von 

(a) mindestens einem getormten VbyladditkDnsimenpolynw mH Alkallmetallouboxylat- oder Ammonium- 
cartxaxytatsettengnjppen mit 

(b) mindestens einer antimiKrobieilen Verbindung. ausgew&hlt aus quartftren AmmontumsaUen, protonier- 
ten tertttren Ammoniumsalzen der hierin angegebenen Formal II und Chlorhexicen, und 

Qewinnen des Reaktionsprodifcts als das antimikrobiele Hydrogel. 

16. Verfahren nach Anspruch 15, worin das Vtwtedditionsimerpolymeriononw in situ in einem Bnstufenverfahren 
gebiidet wird. in welchem das getormte Ausgangsinterpolymer gieichzefflg mit wassriger Base mit einem pH von 
mindestens 7,1 und der antfmfcrobfetlen Verbindung kontaktiert wird. 
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17. Verfahren nach Anspruch 15. worin das VinyladdHionsinterpotymerionomer in einem ersten Schrrtt durch Kontak- 
tieren des geformten Ausgangsirrterpolymers mit wftssriger Base mit einem pH von mindestens 7,1 gebildet wird 
und das lonomer in einem zwerten Schrrtt mit der antimikrobiellen Verbindung in einer verdQnnten wdssrigen 
LOsung mit pH 6 bis pH 7 kontatfert wird. 

1 8. Verfahren nach Anspruch 1 6 Oder 1 7, worin das Ausgangsinterpdymer in der Form einer gestreckten Faser Oder 
eines gestreckten Stranges vorliegt 

19. Verfahren zum Herstellen eines wassergequollenen aber wasserunlOsfichen antimikrobiellen Hydrogels nach 
Anspruch 1 , umfassend Schmelzmischen von mindestens einem geformten Vtnytaddittonsinterpotymer mit minde- 
stens einer antimikrobiellen Verbindung, ausgewdhlt aus quartaren Ammoniumsalzen. protonierten tertidren 
Ammoniumsalzen der hierin angegebenen Formal II und Chlorhexidin. wobei gleichzeitig Oder schrittweise eine 
wassrige AJkalilOsung zugegeben wild. 

20. Verfahren nach einem der AnsprOche 15 bis 19, worin das Vinyladdrtionsinterpolvmerionomer und/oder die antirri- 
krobielle Verbindung wie in einem der AnsprOche 3 bis 9 definiert ist 

21. Verfahren nach einem der AnsprOche 15 bis 20, weiterhin umfassend dm Schrrtt des im wesentlichen Dehydrati- 
sierens des Hydrogels. 

22. Verfahren nach einem der AnsprOche 15 bis 20, weiterhin umfassend lonenaustauschen der Aikaiimetaltearboxy- 
lat- Oder Ammcfiiumcafbcocylatseitengruppen durch mindestens ein mono-, di- und/oder trivalentes Metallkation, 
urn ein antimikrobielles Hydrogel mit einem ertohten Schmelzpunkt zu bilden. 

23. Verwendung eines antimiKrobietlen Hydrogels nach Anspruch 1, urn Mikroorganismen zu bekampfen. 

24. Verwendung nach Anspruch 23, worin das Hydrogel wie in einem der AnsprOche 2 bis 12 definiert ist 

25. Verfarven zum Entfernen von einem wassrigen Fluid, umfassend das Kontaktieren des wftssrigen Ruids mit dem 
wasserabsorbierenden Hydrogel nach Anspruch 11. 

Revendication* 

1. Hydrogel qui peut gonfler dans reau, mais ne peut pas sV dissoudre. et qu'on peut obtenir en faisant r6agir au 
moins un interpdymdre vinyOque cTaddition, mis sous une certaine forme et comportant des groupes latdraux de 
type carboKylate de m*tal alcalin ou d'anvnonium, avec au moins un compos* antimiaobien choisi par mi las sets 
d'ammonium quaternaire, les sete d'airrantum tertiaire proton* de formula II indiqu6e plus loin et la chlorhexidine, 
ce qui entraTne r*tablissement de liaisons ioniques entre (edit compos* antimiaobien et les groupes carbaxylate 
lat*raux et rend ainsi le compos* antimiaobien pratiquement impossible * extraire de Itiydrogel quand celui-ci est 
mis en contact avec de I'eau dGsioni6*e. 

2. Hydrogel conforme & la revendcatton 1, dans tequel au moins 75 % des cjoupes carboxylates latdraux sont lite 
par liaison ionique audit compo6* antimicrobien. 

3. Hydrogel conforme a la revencficabon 1 ou 2, dans lequel (edit compos* antimiaobien est de la chlorhexidine. 

4. Hydrogel conforme * la revendication 1 ou 2, dans lequel ledit compos* antimicrobien est un sel d'ammonium qua* 
ternaire. 

5. Hydrogel conforme * la revendication 1 ou 2, dans lequel ledit compos* antimicrobien poss*de une structure mol*- 
culaire correspondent * la for mule 

R R' 
V A- 



dans laquelle chaque R' reprdsente ind*pendamment un groupe -CH3 ou -CzH* cheque R repr*sente ind6pen- 
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damment un groupe de -C^Hj k -C20H41. et A" represents in anion inerte oorr paU ble da neutralisation, 




dans laquelle chaque R' represerrte ind6pendamment un groupe -CH 3 ou -C2H5, R represerrte un groupe de -C2H5 

e -C20 H 41 < *t A' represents un anion inerte compatible de neutralisation, 

ou 



dans laquelle R represerrte un groupe de -C2H5 k -C20H41 , R** represents un atome dtrydrogene ou un substituant 
inerte et A' represerrte un anion inerte oompatHe de neutralisation. 

6. Hydrogel oontorme * la revendication 5, dans lequel lecfit compose antirnicrobien est du chlorure ou bromure de 
did^<tim6thyl-ammonium, du chlorure ou bromure de c6^-pyridinium, du chlorure ou bromure de cflmethyl-ben- 
zyl-ammonium, ou un melange de nlmporte Ie6quete de ces composes. 

7. Hydrogel conforme k rune dee wencfications precedents*, dans lequel ledt irrterpdymere vinyUque d'addition est 
un ionomdre d un interpotymdre d'ethyiene et d'un ester ou acide carbaxyiique k Saturation a-ethyl6niqua 

8. Hydrogel conforme k \a revendication 7, dans lequel Iedrt interporymdre vinylique d'addWon est un ionomere cTun 
irrterpolyrntre d'ethyiene et cf acide acrytique, 

9. Hydrogel conforme k la r benefication 8, dans lequel Iedrt irrterporymdre vinylique (fadefitton est un ionomere sodi- 
que d'un interpolymere d'ethyiene et d'acide acrytique. 

10. Hydrogel conforme k l*une des revendications precedentes, qui est pratiquement deshydrate. 

11. Hydrogel conforme k la revencfication 10. qui peut absorber de I'eau ou gonfler dans i'eau. 

12. Hydrogel conforme k rune des revendications precedents*, dans lequel on a soumis les groupes lateraux de type 
carboxylate cfammonium ou de metal afoalin k un echange efforts avec au moins un cation m6tallique monoval ent 
divalent ou trivalent, af in cfeiever le point de fusion de rhydrogel. 

13. Composition arrtirnicrcbienne comprenant un hydrogel conforme k l*une des revendications precedentes, melange 
avec une ou piusieurs mati6re6 thermopiastiques et mis sous la forme souhaitie par traitement k i'6tat fondu. 

14. Composition conforme k la revendication 13, dans laquelle ladrte matttre thermop ta stique est choisie parmi le poly- 
propylene, le polyethylene basse densftt, le polyethylene basse densit* linteire et les interpolymerea d'ethyiene et 
d'addeacryiique, 

1 5. Proced* de preparation d'un hydrogel antimicrobten qui peut gonfler dans i'eau, mais ne peut pas sy tfssoudre, 
conforme k la revendication 1, lequel precede comports 

A) le fait de faire r6agir, en miieu rdactkxmel aqueux, 

a) au moins un interpofymtre vinylique d'adefition, mis sous une certains forme et component des groupes 
^ lateraux de type carboxylate de metal alcalin ou d'amrnonium, avec 

b) au moins un compose antimicrobien choisi parmi les sets d'amrnonium quaternaire. les sels d'amrno- 
nium tertiaire protone de formule II indiquee plus haut et la chtorhsxkfins, et 

B) le fait de recuperer le produit de cette reaction, qui est lecfit hydrogel antimicrobien. 
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1 6. Procdd* conforme * la revendication 1 5, dans lequel on forme in situ un ionom*re d'interpolymdre vinylique d'addi- 
tion, en une seute ttape de proc*d* au cours de laqueil l*interpolym*re parent, mis sous une certaine forme, est 
mis sirmJtan6ment en contact avec ledit compost antimicrobien et avec une solution aqueuse de base dont le pH 
vaut au moins 7,1. 

5 

17. Proc*d* conforme k la revendication 15, dans lequel on forme un ionom*re dlnterporymfcre vinylique d'additton. 
au cours tfune premidre 6tape, en mettant I'interpolymfcre parent, mis sous une certaine forme, en contact avec 
une solution aqueuse de base dont le pH vaut au moins 7,1, puis on met ledit ionomdre, au cours d une seconde 
6tape, en contact avec ledit compos* antimicrobien, dans une solution aqueuse dilute dont le pH vaut de 6 ft 7. 

10 

1 8. Proc*d* conforme * la revendication 1 6 ou 1 7, dans lequel linterpdyrndre parent se prfeente gous forme de f fores 
ou de br ins *tir*s. 

19. Proc*d* de preparation d'un hydrogel antimicrobien qui peut gonfler dans I'eau, mais ne peut pas s'y dtssoudre, 
is conforme k la revendication 1 , lequel proc*d* comports le fait de m&anger, * l'6tat fondu. au moins un interpofy- 

m*re vinylique d'addrtion, mis sous une certaine forme, avec au moins un compos* antimicrobien choisi parmi les 
sels d'ammonium quaternaire, les sels d'ammonium tertiaire proton* de formule II indiqu*e plus haut et la chlo- 
rhexidine, tout en y ajoutant une solution aqueuse de base caustique, tout d'un coup ou par portions. 

20 20. Proc*d* conforme * Tune des ratendications 1 5 k 19, dans lequel le ionpmdre dlnterpolymdre vinylique d'addrtion 
et/ou le compos* antimicrobien sont tets qu'on les a d*finis dans nlmporte laqueile des revendications 3 k 9. 

21 . Proc*d* conforme k l*une des revendications 1 5 k 20, qui comports en outre une *tape consistent k pratiquement 
d*shydrater ledit hydrogel. 
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22. Procdd* conforme k Tune des revendications 15 k 20, qui comporte en outre le fait de soumettre lesdits groupes 
lat*raux de type carboxylate d'ammonium ou de m*tal alcalin * un *change cfions avec au moins un cation m*tal- 
lique monovalent divalent et/ou trivalent pour obtenir un hydrogel ant im i c robien k point de fusion *lev*. 

30 23. Emploi ef un hydrogel antimicrobien conforme k la revendication 1 , pour lutter contre des micro-organismea 

24. Emploi, conforme k la revendication 23, cfun hydrogel conforme k Tune des revendications 2*12. 

25. Proc*d* permettant d'extraire de t'eau cTun fluide aqueux, qui comporte le fart de mettre ce fiuide aqueux en con- 
35 tact avec un hydrogel hydroab6orbant conforme * la revendication 11. 
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